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In most t h i n  p l a t e  and she l l  s t ruc tu res  usual ly  the mkln 
component of loading is  t h a t  which gives rlse t o  meridional stressesr 
Hence, the s tud ie s  reported i n  literature and deal ing wi th  the 
fatigue phenomenon i n  such structures are samewhat j u s t i f ’ l a b l y  
confined t o  extensional  loading of flat  plates. 
I n  8-e sheet-s t r inger  s t ruc tu res  the non-meridional components 
of the  loading, notably the bending and twist ing,  may also be 
present  and s lp€f lcsr t t .A lso  t he  theoretical stress calculations 
Indicate  t h a t  i n  s h e l l s ,  depending on the thickness  t o  radius 
of curvature  ratio, the stress state around ImperlPeetions such as 
holes and CraQk8 may be considerably d i f i t r e n t  than t h e  stresses 
i n  f l a t  plates wi th  similar imperfbctions, 
t o  whiah the present research program addresses i tself  is  t h e  
following: 
characteri8tics i n  t h i n  p l a t e s  under plane extensional  type  or 
loading, can the stme characteristics be predicted for s t ruo tu res  
compased of t h i n  aheets  with -re genepal geometry and under more 
general  types of loading,and can a r a t i o n a l  t h e o r e t i c a l  basis of 
comparison be developed t o  achieve t h i s  end? 

On t he  other hand 
. 

Thus the main quest ion 

Knowing the fatigue crack i n i t i a t i o n  and growth 
, 

The following is the 

present  status of the program: 

1, %eo~tian_l_ work 

The part  of t h e  theoretical work deal ing with the inves t iga t ion  
of the mods1 which w 8 6  propoaed t o  be used a8 a ba8is  or camparison 
for crack grawth cha rac t e r l s t i c s  i n  various plate and shell  s t ruc-  
tures-  under varlous types of loading w a s  e v e n  i n  the paper 
“A Canparative Stud$ of Crack Propagation i n  P l a t e s  Under Extension 
and Bending”, by F, Erdogan and R. Roberts, which was pmsented at 
the In t e rna t iona l  Coniexwnce on Fracture i n  Sendai , Japan, Sept . 
12-17, 1965 and submitted t o  NASA as 811 Inter im report. Aocording 
t o  t h i s  model the moat important sirigle f l e l d  quant i ty  i n  the 
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quant i ta t ive  analysis  of the  fa t igue crack growth is t h e  s i z e  of 
the p las t ic  zone i n  the  plane of crack propagation. The p l a s t i c  
zone s i z e  i n  tu rn  can be estimated, within a reasonable degree of 
accuracy, from the  e l a s t i c  stress analysis.  Thus the  main p a r t  of 
the  theoretical work has  been devoted t o  the analysis  of stresses 
around the imperfections i n  plates and shells. The so lu t ion  f o r  
plates under cy l ind r i ca l  bending containing cracks emanating from 
c i r c u l a r  holes is i n  Its campletion stage. This so lu t ion  Is needed 
f o r  the quant i ta t ive  s tud ie s  of crack growth s t a r t i n g  from holes 
and cutouts i n  plates. 'Phe problem of cracks i n  cy l ind r i ca l  shells 
under i n t e r n a l  preasure and bending i s  I n  Its i n i t i a l  stages. 

I n  sheet s t ruc tu res  with more complicated geometry, such a8 
edge cracks, f i n i t e  wldth and cracks emanating !'ram holes of 
various shapes, the elastic analysis  becomes In t rac tab le .  I n  such 
c m e s  one may use the langitu4inal shear analogy t o  inves t iga te  the 
stress s l n g u l a r l t l e s  and estimate t h e  p l a s t i c  cone slse. For 
t h i s  purpose a new method has been developed and placltlc tone site8 
for a number of complicated crack geametrles ( lnvolvlng homogeneous 
as w e l l  as bonded nonhomaogeneous materials) have been calculated.  

2. Exp er lmental  work: 

The experimsntal  work which I s  being carried on in t h i s  pra3ect 
may be divided I n t o  ?MO d i f ib ren t  categories ,  The flmt I s  the 

straightforward t e s t i n g  for the  purpose of verifying and improztng 
t h e  continuum-based theoretical models for the fat igue crack 
1ni t ia i ; ion LUG ' -&  WIC -e-+- CIuI..\rw r r i  stress concentrations) and propagation 
i n  plates and shell8. The second I s  the  closer exandnation of t h e  
deformations and stresses i n  the neighborhood of a crack t i p  under 
cyclic load in order t o  verim the  techniques used t o  evaluate 
c e r t a i n  f i e l d  parameters (such as t h e  p ias t ic  tone s i t e )  and study 
t h e i r  dependence on the cyc l ic  nature of t h e  load, 

The crack growth s tudies  i n  plates under bending am expected 

The remaining work I n  t h i s  
t o  be completed by December 1, 1965, covering t h e  practical ranges 
of load lewe11 and plate thicknes8es. 
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area 2s t h e  crack i n i t i a t i o n  etudies  and long-duration 
environmental t e s t i n g  by u 8 b g  various types  of corrosive agents. 

The modiflcatlon of p la t e  bending machine i n  order  t o  adapt i t  
t o  the bending of cy l indr ica l  shells has been designed and i ts  
conutruction should be completed by t h e  t i m e  the  plate tests are 
over. 

I n  the machine which w a s  desigmd t o  test f la t  plate8 with 
craeks 8ubJeCted t o  extension and cyclic transverse shear loads, 
after the  preliminary t e s t i n g  of a f e w  plates, some changes have 
been made i n  order t o  improve the  symmetry i n  loading conditions. 
The machine w i l l  soon be ready  f o r  testing wi th  s ta t ic  extenuional 
load, Further modification of the t e s t i n g  machine t o  cycle also the  
extensional  component of the load I s  i n  design staw, 

FOP t h e  txpor2mental nark in uyl lndr ica l  she l l s  subjected t o  
f luc tua t ing  I n t e r n a l  pressure the  uanplete sys t em - the components 
purehaued through the NASA Orant a8 w e l l  a8 those can8tructx~d at 
Lehigb - I s  now i n  operation. The sea l ing  mechanism of the arack 
seem t o  f m c t f o n  very satisfactorily and the  crack growth is 
smooth. Presently w e  are t e s t i n g  8” I n  diameter and 0.05 in.  thick 
2024-T3 aluminum shells. The program lnaludes the  t e s t i n g  of 
707546 aluminum as well au steel s h e l l s .  

For the  s tud ie s  O f  defOmhatlOn8 and 8tm88e8 at the crauk t i p ,  
the usual  e tch ing  teohniqub does not  seem t o  give the desired 
quan t i t a t ive  information, The s e n s i t i v i t y  of t he  Moire eqtalpment 
Which Y e  ham does not  seem %o be sufficien6;‘rg ‘nigh t o  be a “Ugs 
of quan t i t a t ive  analgsits. The quant i ta t ive  experiments i n  t h i s  
area w i l l  be performed with the small IYeld Moire instrument which 
i s  about t o  be acquired by t h e  Unlverslty. The instrument works 
on the same pr inc ip l e  88 the  ordinary Moire f r inges,  however It ha8 
a square array or dots instead of f’ringes and one may have a8 many 
8s 1500 dots per inch on a given specimen. This means that i n  
addi t ion  t o  i ts  higher s e n s l t i v i t y  the instrument is  capable of 
measuring the  t o t a l  displacement e e l d  rather than one displacement 
component a t  a time as measured by t h e  l ine-patterned Moire technique, 
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